PAHs were eluted with n-hexane/DCM solvent mixture (1:1, v/v) and the collected 154 fraction was concentrated to a final volume of ~ 50 µL. Finally, d 14 -terphenyl was added 155 as the injection standard before analysis.
157
Forty four alkylated and parent PAHs (Table A2) Table (A2) . 164 Overall, the analysis included procedural blanks, field blanks and matrix spikes, which 165 were carried throughout the entire analytical procedure in a manner identical to the 166 samples. More details about the quality assurance/quality control are provided in the 167 supplementary materials of this work (Text A1 and Table A2 ). 171 In the present study, factor analysis was applied to the measured concentrations of PAHs 172 in Alexandria, Egypt during the summer and winter seasons separately. The total PAH 173 concentrations (gaseous + particulate phases) were used to eliminate the effects of 
Positive matrix factorization (PMF)

184
PMF is a useful factorization method that can calculate source profile and contribution.
185
The principle idea of the PMF is to decompose a matrix of speciated sample data into two 186 matrices-factor contributions and factor profiles. A speciated data set can be viewed as 187 a data matrix X of i by j dimensions, in which i number of samples and j chemical species where e ij is the residual for each sample/species. PMF allows each data point to be 195 individually weighed. This feature allows the analyst to adjust the influence of each data 196 point, depending on the confidence in the measurement. PMF uses the residual matrix 197 elements (e ij ) along with uncertainty estimates (U ij ), which is provided by the user to 198 calculate a minimum Q value using a weighed least square method defined as:
The uncertainty file prepared for the current analysis included the calculated LODs and 203 the recovery standard deviation of the surrogate standards (Larsen and Baker, 2003) . The (Table A3 ). PEFs for the 18 target PAHs were obtained from Nisbet and LaGoy (1992) 225 and Chiang et al. (2009) . Exposure is expressed in terms of a lifetime average daily dose 226 (LADD) and is calculated separately for each element and for each exposure pathway 227 according to the USEPA framework (USEPA, 1989 (USEPA, , 2004 (USEPA, , 2009 . Mathematical models 228 used for the calculations of LADD are given in Table ( A4, Eqs A1-A3). Exposure 229 parameter values used in the current study are listed in Table (A5 (Table A1) were correlated against gas and particle phase PAH concentrations. As 299 shown in Table ( 1), gas phase PAH concentrations increased with temperature. In the 300 summer season, there was a marked increase in the enrichment of the gas phase samples which were previously used as tracers for diesel emissions (Li and Khamens, 1993; 341 Larsen and Baker, 2003; Li et al. 2003; Sofowote et al. 2008; Chen et al. 2013) . C 1 -342 Phn/Ant was used as the tracer for this factor (for the multiple regression analysis). In the winter season, 3 source factors (Figure 3) were extracted from the PMF model winter seasons was also similar to PMF model ( Figure A3 ).
Comparison between the mean source contributions and the predictive ability
accounted for 27.0 %, 13.0 % and 9.00 % respectively of the total PAH concentrations.
476
These findings seem reasonable as the natural gas is used as the energy source in home 477 appliances and in industrial plants (EEAA, 2011) . PAHs were used for the further calculations in the risk assessment study.
495
Estimates of the lifetime average daily dose (LADD) and the incremental lifetime cancer 496 risks (ILTCR) for the inhalation, ingestion and dermal exposure routes are given in health effects were associated with the dermal (ILTCR der ) contact to atmospheric PAHs 499 (6.48 x 10 -3 -4.41 x 10 -2 ), followed by the ingestion exposure route (ILTCR ing ) (1.31 x 500 10 -5 -8.92 x 10 -5 ), and finally the inhalation exposure route (ILTCR inh) (1.08 x 10 -6 -5.88 501 x 10 -6 ). Calculated total incremental lifetime cancer risks (TILTCR) are shown in Figure   502 (5). All the calculated values at all the sites were higher than 10 -3 , which greatly exceed inventories, which in terms will help to develop efficient pollution control strategies and 517 assist in the protection of the human health. Our results indicted that the atmospheric 518 environment of Alexandria, Egypt is highly polluted with PAHs, with concentrations 519 much higher that in other urban cities worldwide. The spatial distribution of PAHs, 520 temporal variations and source apportionment results indicated that vehicle emissions, especially from diesel powered engines are the major source of PAHs in Alexandria.
522
Although the three receptor models gave comparable results with good matching between 523 the predicted and measured PAH concentrations, PMF and UNMIX models are more 524 reliable and accurate than the FA/MLR model which is associated with a higher degree of 525 uncertainty because of the independence of the calculations on the quality assurance data 526 and the negative loadings constrains. Based on our findings, at least two receptor models 527 should be used to confirm the output of the source apportionment. Our results also 528 indicated that there is a high potential risk of cancer development as a result of the 529 exposure to PAHs via inhalation, ingestion and dermal contact and that PAH exposures is 530 not negligible and should be taken into account for health protection in the future. 
